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Introduction

Lake Wingrais a small, shalloveutrophic body of water that is considered to experience degraded water
quality due to watershed inputs andsitu lake conditionsWhen storm water enters a lake system during
storm periods, suspended storm water sediment loading and trtaisspoportant to overall lake water
guality. In addition, windnduced sediment resuspension from the benthic substrate can be of great concern.
From pastefforts on Lake Wingrawe learred that the role of carp plays a significant role in sediment
resuspensiordue to their foraging behawts reducing macrophyte densityrhis report is intended to
improve ourunderstanding othe complex interactions of physicalvétershed and wavesand biological
(carp)in Lake Wingra(Figure 1)to helpaid in strategesfor improving water in Lake Wingra

We investigate the role caused hihe watershedstorm sewers), biologic (carp), and hydrodynamic (wind)
and isolate the variables to determine their contribution to the overalivitke clarity

Our specific tasks wer® (1) quantify the contribution of sediment tspension fromhydrologic, biologic,
and hydodynamic throughmodeling andield measurements angl)(install areattime observatiorstation
usingthe InegratedNowcast and Forecast Operation Sys(¢NFOS)

Figure 1: Lake Wingrasedimentresuspensionan be caused bpctorsincludingwatershed (storm seweys)
carp,andwind effects.



M ethodology
Watershedoading

Sediment and phosphorus loads due to storm runoff into the lalestar@tedusing the SWAT (Soil &

Water Assessment Tooihodel calibrated to measurementsf@ir main inflow locations SWAT is a
physically based distributed parameter model that simulates the hydrologic response of a watershed
including capabilities to determine infiltration, evapotranspirat&iream routingerosion, and nutrient
loading. SWAT has been widely used in both agricultural and urban waterfhedSWAT model is set up

by discretizing the Lake Wingra watershed intoidlvidual subwatershed basins (Figure 2a) apglying
elevation dataisingthe USGS National Elevation Datagéth 3m resolution (Figure 2b), a digital land use

and land cover mapsingthe National Land Cover Database (NLCD) from 2006, soil type ukkitaythe

Soil Survey Geographic (SSURGO) Database, and climate data retrieved from the Space Science and
Engineering Center (SSEQ)he model considers the main storm sewer lines and streams using a combined
stream system shown in Figure &treams that flow into the lake are numbered from S1 througinS8.
addition,5 ponds installed in the watershfor detentionof urban runoff are included in the modE€igure
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Figure 2: (a) Lake Wingra subwatershed basins; (b) elevation map; (c) watershed reaches including streams
and storm seweias well as ponds

The model wagalibrated tdfield measurementslarchto Juneof 2014.Calibration locationsncludetwo

direct storm sewer inflowkabeled S1 and S2 and the two main streams, labeled S3 and S4 @egure
Together, the drainage areas of S1, S2, S3, and S4 make up 88% of the Lake Wingra weteiished
accounts for the largeiow into the lake The setup of instrumenter the S4 location is shown in Figuge

A SonTek River Surveyor (Figurga) was used to measure the channel cross section and instantaneous
flowrate through the channel. Total flowrate measurements across theekthesre used to calibrate
continuous flow measurements of a SonTek IQ located in the main channel area 3Bjguree River
Surveyor was found to measure flowrate with a standard deviatio® 8 m*/s (n=7). Flowrate data for

storm sewers at S1, S2, and upstream o8B measured usingn ISCO 2150 Area Velocity Flow
Module and Sensor



Model calibration was done bwdjusting

model parameters inclidy Ma n ni nig ¢
the channels and for overland flow, as well
the fraction of directly connected imperviolr
surface which is important for urbal
watersheds. Comparisons with measureme
yielded goodness of fitvalues of NSE 0.77

(S1), 0.64(S2), 0.5 (S3), and 0.51 (S4), whil
generally NSE 0.36 is considered
satisfactory  for  hydrologad  models

Sedimen and phosphorus concentrations &
predicted from measurements at each out
Continuous turbidity measurements we
taken using a prealibrated optical
backscatter sensor (OBS, Figuse) located

20 cm from the bottom near the main chanr g, re3: Measuremensetup used along a cressction of
section.In addition an ISCGautomatic water he s\ streans4; (a) SonTek river surveyor, (b) SonT:

sampler (Figure3d) was usedto collect |5 o meter, (c) Optical Backscatter Sensor (OBS), ¢
runoff samples throughout storn&he ISCO (d) ISCO automatic water sampler

sampler automatically collectedi00 mL

samples at prset time durations, which were then later analyzed for turbidity using a LaSituln
Scattering and TransmissomefiSST) instrument The LISST and OBS were both calibrated in the lab
using lake sediments to match known sediment condiemtsawith R values of 0.99 and 0.98 respectively.
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Physical resuspension

The loading of sediment from wiAdduced resuspension wa®
evaluatedby applying a wave model (WWMIII) with critical
shear stress and erosion rateasurementwithin the lake.The
wavemodelwas enhancetb account for theffects of vegetation ||
on wavesbecauset affects thenearshore bottom shear stres
Bottom shear stress fromaves isestimated throughout the lak
for varying wind events using thaalibratedlake model.Output
shear stress values are used stingate sediment resuspensi
rates using critical shear stress and erosion rates measured
lake with a portable sediment flum&he portable sedimen
flume, Figure 4js acad 14 TG Plexiglas flume with an
open bottom section to allow controlledditu testing of erosion rates at varying amounts of applied shear

stressEach of the sites exhibited minimal sediment resuspension until the critical shear stress was reached.

Figure 4: Pottable Sediment Flume

Carp resuspension

The impacts of carp on sediment resuspension and phosphorus release were isolated using an enclosure
experiment. Twasquareimpermeable 2.3 frenclosures and one largerpeable 37.2 fenclosure were

installed in the southwest corner of Lake Wingra at a depth mbaimatey 1.2 metersFigure 5 Using

one of the small encloswgas a reference, varying densities of carp wy_ 7
kept in the other enclosute isolate andest carp bioturbation impact:
on turbidity and phosphorus concentratiofise impermeable enclosure
allowed testing of phosphorus concentrations, while the large permg
enclosure enabled turbidity response measurements from lower der, =
of carp.An insitu relationship between carp density and concentra
of suspended sedimenhs performedThe relationship wathen applied E=
to theentirelakebased on the carp population Figure 5: Carp Enclosure
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Results
Runoff loading

The average loading of sediment and phosphorus from watershed runoff is estimagiptyimg the SWAT
model to simulateunoff flowrates for the 12 year period from 26B@13 By estimating continuous
flowrates and concentrations, the total loading from each astiletegrated to yield daily average results.
Average daily runoff loads of total flow volume and sediment are shown in Féguardloading of total
phosphorus and orthophosphate are shown in FjurError bars show th@5% confidence limit§or each
load. The sediment load mimics theend as flowrate, but loads from basins with settling ponds yielded a
smaller ratio of sediment to runoff volume than storm sewers S1 and S2 without settlingTpenalgerage
total loading from the days with precipitation greater than 1 cm are estimated 28008 kg (95%
confidence interval fronl5,000 to 41,000 kg) of sediment and4.1 kg (C.I. from 23 to 65 kg) total
phosphorusand22.7kg (C.I. from M4 to 31 kg)is released as orthophosphdds average throughout the
season, storm runoff is estimated to contribute a daily lo2bdd kg of sediment (C.I. from3B0 to 3720
kg), and4.0kg total phosphorus (C.I. fro@1to 5.9kg), where 21 kg is orthophosphate (C.I. from3lto
2.8kg).
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Figure 6: Average daily runoff loading of water volume (a), sediment (a), pttasphorus (b), and
orthophosphorus (b); ranges show irdganual variability from 2002013.

Physical resuspension

The ®diment resuspension from wind is estimated by relating measuredestisss relationships from

the lake with modeled bottom shear stress from waves underngawyind conditions.The total
resuspension is calculated for ideal steady state wind cases in 8 directions, N, NE, E, SE, S, SW, W, and
NW, using wind speeds from 1 to 12 m/é& two hour wind event duration was selected based on
calculations of time to fully develop waveEotal resuspension values for each wind event are shown in
Figure 7a. Wind speeds less than 6 nsisow little resuspension, whilrger winds significantly increase

total resuspended loadsake Wingra has a longind fetch in theeastwest directbnswhich leads to strong
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waves however,low sediment resuspensiatcursdue tosheltering fron shorevegetation Figure 7b
shows the probability of each wind event based on iicssstmmer wind data for Madison, WI. As shown
the occurrence of significant wiridduced resuspension in the lake is rare.
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Figure 7: Resuspended sediment for each two hour wind event (a) and wind event probability (b)

Carp resuspension

The effect of carp on sediment and phosphorus in the water column is illustygpéotting sediment and
phosphorus concentrations with respect to varying densitiearp{€igure 8). The yintercept values are

taken from the reference encloswvith no carp Significant correlations were found between carp density
and sedimentconcentration. A trend for suspended sediment concentration was fit using a second order
polynomial with least squares regression. Similarly, total phosphorus and orthophosphate were found t
vary linearly withincreases in carp density.
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Figure 8: Measured relationships between carp density and (a) turbiditytpt@d) phosphorus, and (c)
orthophosphate
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Relativeloading

The total daily loading of sediment and total phosphorus into Lake Wisg@mpared among the three

primary sourcegwatershed runoff, wind resuspension, and ctr@valuatethe relatve loading from each
source inthe lakeThr ee scenarios are considered for compar.i
no rain occurs, (ii) oérain dadyaddanhema aand awaheralpaes & (
data throughout the summer months from June through Septehtigefoading from each source under

each scenario is shown as percentage pie plots in Réglaring an average summer clear day, a direct
comparison of internal loading shows that carp bioturbation is expected to caus&%weafr €diment into

the water column while wind resuspension suppl@syhly 7%. Similarly, since the total phosphorus is

related to suspended sediment, carp are also predicted to pttowitiest total phosphorus into the water
column.The average rain day scenario shows a comparison of the pulse load of sediment andyshosphor
that comes from external loading compared with internal loadihg.rain day load was estimated as an
average load from all the summer days that rained at least 1 cm. The results show that during a rain event
the external loading can provide arou®)o of the sediment loaded into the lake that day at¥d 8f the

total phosphorugOn average throughout the summer months, carp are estimated to provide the majority of
sedimen{78%)while carp and runoff each provide abdatif (48%) of the total phosphoriloaded into the

water column.
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Figure 8: Daily loading percentages of sediment (a) and total phosphorus (b) from runoff, carp, and wind
on anaverage clear day, rain day, and seasonal average day



Lake Wingra Observation Station

A realtime observatiorstationwas installecat the outlet of Lake Wingr, just ugtream of thedam The
station provides a measurement ofvater level,outflow discharge,and water temperatureAll data is
displayedthrough the Integrated Nowcast/Forecast Operation SyshrOE) to the communityFigure 9)
This projecthasprovided the first realime observation statiofor Lake Wingra The datas archived on
the INFOS server and @&vailable for future studies exformation for Lake Wingra

INFOS

Integrated Nowcast/Forecast Operation System Observation Station
for Yahara Lakes
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Figure 9: Lake Wingrareaktime observation statios displayed through INFOS



